INTRODUCTION
Blackcurrant (Ribes nigrum L.) is a valuable berry in human diet due to its high concentration of bioactive compounds and antioxidants which can be found mostly in berries, but in plant leaves and buds as well (Hummer and Barney, 2002; Raudsepp et al., 2010; Tabart et al., 2011; Vagiri et al., 2013) . Blackcurrants possess a high antioxidant activity for which the phenolic compounds and ascorbic acid (AsA) make the major contribution (Lister et al., 2002) . AsA concentrations in blackcurrants surpass many other fruit and berry cultures, and its stability has been described to be more consistent due to the presence of anthocyanins and other flavonoids (Hooper and Ayres, 1950; Miller and Rice-Evans, 1997) . Nevertheless, the concentration of sugars, organic acids and their ratio also should not be underestimated, as these compounds play an essential role in the determination of taste properties and fruit quality (Bordonaba and Terry, 2008) . The latter contribute to the use of blackcurrants as dessert fruits, and sweet berries are valuable ingredients for other tasty products with no need for additional sugars. Moreover, in addition to taste-related compounds, the fruit weight is important, being a genotypedependent characteristic. Blackcurrant fruit quality and its nutritional value, including the concentration of AsA, sugars and organic acids depend on many factors such as genotype, latitude, cultivation conditions and agronomic practices (Anttonen and Karjalainen, 2006; Tabart et al., 2006; Pantelidis et al., 2007; Bordonaba and Terry, 2008; Brennan, 2008; Zheng et al., 2009a; 2012; Walker et al., 2010; Krüger et al., 2011; Vagiri et al., 2014) , but the effect of genotype on the berry quality and on the concentration of bioactive compounds has been considered as the most important (Krüger et al., 2011; Vagiri et al., 2013; Woznicki et al., 2015b) , with different genotypes responding differently according to growth area and conditions (Zheng et al., 2009b) . Diverse results have been described in different cultivation areas. On the one hand, according to the investigations of Vagiri (2013; 2014) in Sweden, the accumulation of AsA increased in areas with warmer weather conditions when compared to the berries grown in cooler conditions. On the other hand, experiments conducted in Finland, Norway and Estonia obtained opposite results (Zheng et al., 2012 (Zheng et al., , 2009b Kaldmäe et al., 2013; Woznicki, 2015a) .
Successively increasing areas of organically grown blackcurrants demand the selection of suitable cultivars from the aspect of the accumulation of bioactive compounds in berries and the effect of cultivation technology on fruit weight. Earlier studies in Poland and Estonia have found that organically cultivated berries contain more AsA compared to conventional ones (Kazimirmiercak et al., 2008; Kahu et al., 2009) , but according to the results of Finnish researchers, the biochemical quality of organically grown blackcurrant fruits does not differ from those grown conventionally (Anttonen and Karjalainen, 2006) . In the present study, fruit weight, and soluble solid, sugar, organic acid and AsA concentration of eight blackcurrant genotypes grown in organic and conventional cultivation systems in South-Estonia were determined in 2011 and 2012. The results enable to provide knowledge for blackcurrant growers in order to choose suitable cultivars with the desirable concentration of bioactive compounds and to obtain new information regarding to the effect of genotype on fruit biochemical composition. (Kemira OY) was applied along the rows. The rows were mulched with milled peat and the space in between the rows was covered with grass and mowed four times during the summer period. There were no pesticides used in the plantation. The mineral composition of the soil in the plantation in 2011 was the following: P-383 mg·kg For biochemical analysis, representative samples were prepared from field samples: 200 g of berries were homogenised using a kitchen blender and analysed on the same day for soluble solid (SS), sugar, organic acid and ascorbic acid (AsA) concentration. The SS concentration in the homogenised samples was recorded at 20°C using an ABBE refractometer (Abbe WYA-1S, Optic Ivymen System), organic acids were determined by titration with 0.1 M NaOH. AsA was determined using the modified Tillman's method by titration with 2.6-dichlorophenol-indophenol under acidic conditions (Anonymous, 1984) . The ferricyanide method was used for the sugar concentration analysis (Turkin and Shirokov, 1960) . The concentration of AsA was expressed in mg per 100 g -1 of fresh weight (fw); sugars and acids in percent (%).
MATERIAL AND METHODS

Experimental
All results were tested by two-way analysis of variance (ANOVA). To evaluate the effect of genotypes, the least significant difference (LSD 0.05 ) for fruit weight and (LSD 0.01 ) for°Brix, sugar, organic acid and AsA concentration were calculated. Different letters on figures and tables mark significant differences at p £ 0.05 or p £ 0.01.
Weather conditions. The data of average, maximum and minimum temperatures and precipitation in May, June, and July of the testing years are presented in when daily temperature fluctuations were not great and precipitation was sufficient. The period with the poorest precipitation during growing and ripening was in 2011, as precipitation was very low in June.
RESULTS
Weight of fruit.
Fruit weight of the tested genotypes was higher in 2012 for both conventional and organic cultivation, except for the genotype 'Mairi' which had the highest fruit weight in 2011 (Table 3) . In both years, organic blackcurrants had smaller fruits in comparison to conventional ones, especially in the case of 'Karri' and 'Mairi'. On average for the two cultivation methods, the highest fruit weight was in 2011 in genotypes 'Intercontinental' and 'Mairi', and in 2012 only in 'intercontinental'. Fruit weight of cultivars 'Ben Alder' and 'Pamyati Vavilova' had no yearly differences; moreover, 'Ben Alder' had the lowest fruit weight in both experimental years. On average for the two years, the highest fruit weight was in conventionally grown 'Intercontinental', 'Karri' and 'vMairi' (1.6 g). The fruit weight remained on the same level on an average of two growing methods in genotypes 'Ben Alder', 'Pamyati Vavilova', and 'Asker'. 
Soluble solid (SS) concentration.
The average SS concentration of blackcurrants was higher in 2011. Genotypes 'Ben Alder' and 'Karri' in conventional, and 'Titania', 'Intercontinental', 'Asker' and 'Mairi' in organic cultivation method had higher fruit SS concentration in 2012 (Table 3) . In both years, organic blackcurrants contained higher SS concentration compared to conventional ones. On average for the two years, the highest concentration of SS was in the fruits of organically grown 'Karri' and the lowest in conventional 'Pamyati Vavilova', 20.0 and 14.3°Brix, respectively. On average for the two cultivation methods, genotypes 'Titania' in 2011 and 'Karri' in 2012 had the highest SS concentration in fruits. The largest difference in SS concentration between the cultivation methods was in 'Karri' and the lowest in 'Ben Lomond'.
Total sugar concentration. Total sugar concentration in blackcurrants was higher in 2011, except 'Ben Lomond' in both cultivation methods and organically grown 'Asker' which were rich in sugars in 2012 (Table 4) . On average for the two cultivation methods, 'Mairi' in organic cultivation in 2011 and 'Ben Alder' in conventional in 2012 had a higher total sugar concentration. On average of the two years, organically grown 'Karri' and 'Mairi' contained higher sugar concentration, while the lowest concentration was in the fruits of 'Titania' in the same conditions. Fruits grown in organic conditions had a higher concentration of total sugars when compared to conventional blackcurrants, except genotypes 'Ben Alder' and 'Titania which had increased total sugar concentration in case of conventional method. In comparison of the two cultivation methods, the largest difference in total sugar concentration was in genotype 'Intercontinental' and the smallest in 'Ben Lomond' and 'Mairi'.
Organic acid concentration. In 2011, fruits of different genotypes contained lower organic acid concentration when compared to year 2012, except conventional 'Ben Alder' which had a higher concentration in 2011 (Table 4) . Conventional 'Pamyati Vavilova', 'Titania', 'Karri' and organic 'Ben Lomond', 'Karri', and 'Mairi' had no significant differences in organic acid concentration between the years. On average for the cultivation methods, the fruits of the genotype 'Intercontinental' had the highest acid concentration and 'Karri' had the lowest, while there was no effect on 'Titania'. In 2011, the average concentration of organic acids was equal within both cultivation methods, while in 2012, the conventionally grown blackcurrants had a higher concentration in comparison with the organic method.
The ratio of sugar and acid concentrations. In 2011, the highest sugar/acid ratio was in the fruits of organically grown 'Karri', and in 2012 conventional 'Ben Alder' (Table  5) . On average for the two years, the ratio was higher in 2011 and the highest in the organically grown berries. On average for the two cultivation methods, the highest sugar/acid ratio was in fruits of 'Karri' in 2011. The lowest ratio was determined in conventionally grown 'Intercontinental' in 2012. A major difference between sugar/acid ratio of the two cultivation methods was found in the case of fruits of genotype 'Ben Alder', while there was no significant difference in 'Ben Lomond' and 'Titania'.
Ascorbic acid concentration (AsA). The
AsA concentration in the fruits of different blackcurrant genotypes was higher in 2011 compared to 2012 (Table 5 ). The genotype 'Ben Lomond' in both cultivation systems and 'Karri' in organic cultivation had a higher AsA concentration in 2012.
On an average of the two years, AsA concentration was higher in the berries of the conventionally grown 'Ben Lomond' (210 mg·100 g -1 fw), followed by 'Asker' with 201 mg·100 g -1 fw in the conventional and 197 mg·100 g -1 fw in the case of the organic method. There were significant yearly differences in the AsA concentration of the genotype 'Mairi' in the conventional and organic, and 'Asker' in the organic cultivation. On average for the two cultivation methods, the AsA concentration was the highest in 'Asker' (248 mg 100 g -1· fw) in 2011 and in 'Ben Lomond' (196 mg·100 g -1 fw) in 2012. A relatively low AsA concentration was determined in the fruits of 'Ben Alder' and 'Mairi' in 2012. Comparing the two cultivation methods, the largest difference in AsA concentration was found in 'Ben Lomond', and the least significant difference was in 'Titania' and 'Asker', while the cultivation method had no effect on AsA concentration in the genotype 'Pamyati Vavilova'.
DISCUSSION
Blackcurrant fruit weight is an important quality attribute depending significantly on the genotype, although affected by growing conditions as well (Brennan, 2008; Woznicki et al., 2015) . The results of the present experiment revealed that the genotype, the cultivation method and growing year had a significant effect on fruit weight of the selected blackcurrant genotypes (Table 3 ). The impact of the cultivation method was different depending on genotype, as neither the conventional nor the organic method affected the fruit weight of 'Ben Alder', 'Pamyati Vavilova', and 'Asker'. Similarly to our findings, a low fruit weight of the cultivar 'Ben Alder' has been observed in trials executed in Poland (Pluta et al., 2005; Ochmian et al., 2014) . In earlier longterm studies, the genotype 'Asker' has shown low yearly variation in fruit weight (Kaldmäe et al., 2013) , but in the present experiment the differences between years are more notable, although having no effect on the fruit weight of cultivars 'Ben Alder' and 'Pamyati Vavilova'. The genotypes with large berries, such as 'Intercontinental', 'Karri' and 'Mairi' had a significantly lower fruit weight in the organic cultivation method as compared to the conventional, and in previous studies 'Intercontinental' has shown high yearly differences as well (Kaldmäe et al., 2013) . Trials in Norway have revealed the positive effect of precipitation and the negative impact of temperature on fruit weight (Woznicki et al., 2015a) , which correspond to our results. Blackcurrant berries were lighter in weight in 2011 when compared to 2012, probably due to low precipitation rate in June and July followed by the relatively high temperatures in July (Table 2) , which affected fruit growth. The differences in soil mineral concentration of the plots, being lower in K and P in the conventional cultivation plot, might also have some influence on both fruit weight and chemical composition.
The results regarding blackcurrant SS and sugar concentration revealed the significant effect of genotype, yet the cultivation method and yearly weather conditions played important roles in their accumulation, as indicated by other authors as well (Zheng et al., 2009a; Woznicki et al., 2015b) . The highest average fruit SS and sugar concentrations were detected in the organically grown 'Karri', while the sugar concentration of the organic fruits of 'Mairi' remained on the same level with 'Karri' (Table 4) . A low SS concentration was determined in the conventionally grown berries of 'Pamyati Vavilova', which is in accordance with the results of earlier long-term trials with the same genotype (Kaldmäe et al., 2013) . Moreover, organic cultivation provided berries with higher SS and sugar concentration than the conventional cultivation method. According to Zheng et al. (2009b) , different genotypes respond to the growing conditions diversely, and our results confirm the statement. The average SS and sugar concentration of the genotype ' 'Ben Lomond' showed low variation between the two cultivation methods, while the SS of 'Karri' was significantly increased by the organic cultivation method. The effect of weather conditions on blackcurrant fruit SS has been shown in Norway by Woznicki et al. (2015b) , and our results are similar, as the fruit SS and sugar concentrations were higher in 2011 when the mean temperatures in June and July were higher than in 2012.
Organic acids are essential for the taste of blackcurrant fruits, as increased sugar and lower acid levels make the fruit taste sweeter. According to literature, fresh fruits for processing should contain 2.67 g·100 ml -1 of organic acids (Ochmian et al., 2014) . The organic acid concentration of blackcurrant fruits depended significantly on the genotype, while the cultivation method had no effect on the average acidity. There were no differences in the concentration in 2011, but the average concentration of organic acids was higher in organically grown berries of the genotypes under investigation in the next experimental year. The lowest acidity was recorded in the genotype 'Karri' and the highest in the fruits of 'Intercontinental'; the latter showed also the largest fluctuation in the concentration between the years and cultivation methods. Nevertheless, in general, the differences of the concentration of organic acids between the years are not remarkable, as reported in our earlier studies and in Norway as well (Kaldmäe et al., 2013; Woznicki et al., 2015b) .
The sugar and acid ratio determines the perception of sweetness and is highly related to genotype. The taste of blackcurrants is especially important in the case of dessert berries. The highest sugar/acid ratio was recorded in the genotype ' 'Karri' and the lowest in 'Intercontinental'. The average sugar/acid ratio was increased by organic cultivation, although the genotypes 'Ben Lomond' and 'Titania' were not affected by the cultivation methods.
Blackcurrants are rich in antioxidants such as AsA, which has been proven to be genotype-dependent, but its accumulation can equally be influenced by the cultivation method and weather conditions (Zheng et al., 2009a; 2012; Krüger et al., 2011; Vagiri et al., 2014; Woznicki et al., 2015b) . In the present experiment, a significant effect of the genotype on the AsA concentration was revealed, showing the highest concentration in the fruits of 'Asker' and 'Ben Lomond'. In an earlier study, the genotype ' 'Asker' was also shown to have a high and stable AsA concentration (Kaldmäe et al., 2013) . Organically grown fruits accumulated lower amounts of AsA compared to conventional ones; only in the genotype 'Titania' it was the opposite, although the fruits contained lower concentration of AsA, regardless of the cultivation method (Table 5 ). According to trials executed in Sweden, the cultivar 'Titania' has also shown low AsA concentration (Vagiri et al., 2014) . The comparison of cultivation methods revealed that neither of the cultivation methods affected the AsA concentration in genotype 'Pamyati Vavilova' and had relatively little effect on 'Asker' and
